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Abstract. -The humpback whale

tMcgaptera nocaeangliae) is a cosmo-

pohtan species whose stocks were dras-

tically decreased by conimercia! whal-

ing practices prior to 1967. The North

Pacific population was estimated to be

between 15.000 and 20.000 animals

before the practice of whaling. At the

time of the commencement of its inter-

national protection in 1967, this popu-
lation may have been reduced to fewer

than 1000 individuals. The Pacific coast

of Mexico and the Revillagigedo Archi-

pelago constitute one of the main breed-

ing and calving areas for North Pacific

humpback whales. The objective of this

paper is to present an estimation of

abundance of humpback whales in this

region based on photographic identifi-

cation of individual animals. Estimates

of population size were obtained by us-

ing mark and recapture models for both

closed and open populations, with each

year representing a capture occasion.

A total of 1184 humpback whales were

identified in Mexican waters between

1986 and 1993. The best estimates of

population size for the Mexican stocks

were those provided by the modified

Jolly-Seber method: 1813 OS^r CI: 918-

2505) for the coastal stock in 1992, and

914 (95'y CI: 590-1193) for the Revil-

lagigedo stock in 1991.
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Humpback whales, Megaptera no-

vaeangliae, make seasonal migra-
tions between low-latitude winter-

ing areas used for mating and calv-

ing and high-latitude feeding areas.

The general distribution of feeding

areas in the North Pacific covers

coastal waters in the western North

Pacific from northern Japan
throughout the Bering Sea and in

the eastern North Pacific as far

south as southern California. Dur-

ing the winter breeding season,

these whales congregate in three

geographically isolated tropical ar-

eas: the Ryukyuan, Bonin, and
Mariana Islands south of Japan; the

islands of the Hawaiian Archi-

pelago: and the Pacific coast of

Mexico and the Revillagigedo Archi-

pelago (Rice, 1974; Johnson and

Wolman, 1984).



1018 Fishery Bulletin 97(4), 1999

Humpback whales have been hsted as endangered
since severe reduction of all stocks worldwide by com-

mercial exploitation (Rice, 1974; Gambel, 1976). The

number of these whales were estimated to be between

15,000 and 20,000 animals before whaling depleted

them during the first half of the 20th century; at the

time of its international protection in 1967 this popu-
lation may have been reduced to fewer than 1000

individuals (Rice, 1974, 1978). However, the reliabil-

ity of these figures is unknown.
The extent of the recovery in the North Pacific

population over the last 25 years is debatable. Esti-

mates of abundance with mark and recapture tech-

niques based upon photo-identification data have

been made for different areas of this ocean, but there

has been much debate regarding the reliability of

such estimates! Darling etal., 1983; Baker etal., 1986;

Darling and Morowitz, 1986; Baker and Herman, 1987;

Alvarez et al., 1990; Calambokidis et al., 1990; Cerchio,

1998; Calambokidis et al.^). There is cuiTently insuffi-

cient evidence to assess whether a significant change
in abundance has occurred since whaling ceased.

Three main wintering aggregations of humpback
whales are recognized off the Pacific coast of Mexico:

the Baja California Peninsula; the mainland coast

of Mexico (including, Isabel Island, Tres Marias Is-

lands, and the mainland coast); and the Revillagigedo

Archipelago (including Socorro, San Benedicto, Roca

Partida, and Clarion Islands) (Rice, 1979; Urban y

Aguayo, 1987).

The comparison of photo-identified humpback
whales in these wintering gi-ounds showed that there

was a greater affinity between whales off Baja Cali-

fornia and those off the mainland coast of Mexico

than those off either Baja California or the main-

land coast and those off the Revillagigedo Archipelago
(Urban et al., 1989; Ladron de Guevara et al., 1993;

Jaramillo, 1995) (Table 1). From these results, two

different population units of humpback whales dur-

ing winter in Mexican waters were previously pro-

posed: the coastal Stock (including Baja California

and mainland coast of Mexico), and the Revillagigedo

stock (Alvarez et al., 1990; Urban et al.^) (Fig. 1).

' Calambokidis, J., G. H. Steiger, .J. Straley. T. J. Quinn II, L. M.

Herman, S. Cerchio, D. Salden, M. Yagamuchi, F. Sato, J. Urban

R., J. K. Jacobsen, O. von Ziegesar, K. C. Balcomb, C. M.

Gabriele, M. E. Dahlheim, N. Higashi, S. Uchida, J. K. B. Ford,

Y. Miyamura, P. Ladron de Guevara P., S. A. Mizroch, L.

Shlender, K. Ra.smussen. 1977. Abundance and population
structure of humpback whales in the North Pacific ba.sin.

Final Kep. to Southwest Fisheries'Science Center, Natl. Mar
Fish. Serv., NOAA, La JoUa, CA, 72 p.

2 Urban R., J., J. C. Salinas V., A. Guillen G., and E. Vazquez M
1997. La ballcna jorobada Mcgciptera novcwanfiluw en al Penin-

sula de Baja California Sur. Mexico. Final Report to the Bio-

diversity National Commission (CONABIOi. Contract Il():3.'>, 41 p.

Table 1

Matches (above the diagonal) and interchange index' i be-

low the diagonal) among the three main wintering aggi-ega-

tions in the Mexican Pacific. Sample size in parentheses.

Baja Mainland Revilla-

California coast of gigedo

Peninsula Mexico Archipelago

(471) (383) (4501

Baja California Peninsula — 64 20

Mainland coast of Mexico 0.38 — 23

Revillagigedo Aj-chipelago 0.12 0.18 —

' Index of interchange.
This index quantify the degree of interchange among two samples

(among regions) that accounted for sample size:

Index of interchange =
(m^.^Kn, x njV x 1000,

where/!, = whales identified (captured) in sample 1;

n.y = whales identified in sample 2; and

ni.,= captured whales from sample 1 recaptured in sample 2,

(see Baker et al. 1985; Cerchio et al , 19981

This division of winter aggregations is also supported

by mitochondrial DNAlineage analyses (Medrano-

Gonzalez et al., 1994, 1995a, 1995b); however, be-

cause the waters off California, Oregon and Wash-

ington are the primary feeding destination of the

whales observed in Baja California and the main-

land coast, the migratory destination of the whales

seen around the Revillagigedo Islands is still un-

known (Urban et al. 1987; Urban et al.'^).

Previous estimates of humpback whale abundance
in Mexican waters are the following: 500-600 for

Socorro Is. (Campos, 1987); 200-400 for Isabel Is.

(Alvarez, 1987); 600-700 for the mainland coast

(Alvarez et al., 1990); and 1200-1700 for all the Mexi-

can Pacific (Urban et al., 1989). However, it is recog-

nized that these estimates were based on limited data

and on assumptions that generally were not tested.

In our study we present an analysis of photographic
data obtained during the winter breeding and calv-

ing seasons from 1983 to 1993 in the different as-

sembly areas of the Mexican Pacific. We use this

analysis to calculate reliable independent estimates

of abundance of humpback whales for the coastal and

the Revillagigedo stocks.

' Urban R., J., A. Jaramillo L., A. Aguayo L., Paloma Ladron de

Guevara P., M. Salinas Z., C. Alvarez F., L. Medrann G., J.

Jacobsen, K. C. Balcomb, D. E. Claridge, J. Calambokidis, G.

H. Steiger, J. M. Straley, O von Ziegesar, S. Mizroch, .M.

Dahlheim, J. M. Waite, J. D. Darling, and C. S. Baker.

19xx. Migratory destination of the Mexican Pacific humpback
whales. Universidad Autdnoma de Baja California Sur, Ap.
Post. 19-B, La Paz, Baja California Sur, Mexico.
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Figure 1

Study area showing, by shading, the distribution of the Revillagigedo and coastal stocks.

Materials and methods

Individual identification

Humpback whales were individually identified from

photographs taken by different institutions from

approximately December to March, along the main-

land coast of Mexico (1983-92), from mid-January
to March in Baja CaUfornia (1987-93), and at the

Revillagigedo Archipelago (1986-92) (Table 2).

Although photo-identification data have been
available for the coastal stock since 1983 and for the

Revillagigedo stock since 1985, efforts before 1986

were limited in time and space, and also lacked con-

tinuity. Beginning in 1986, surveys were conducted

off Socorro Island for the Revillagigedo stock, and
near San Jose del Cabo or the mainland coast (or

both) for the coastal stock. No data were obtained

for either Revillagigedo or the mainland in 1993.

The whales were identified individually through

photographs of the black and white pigmentation pat-

terns on the ventral surface of their flukes (see Katona

and Whitehead, 1981 ). Photographs were obtained with

35-mm cameras equipped with 200—300 mmlenses.

Although the film used varied by region and season,

most photographs were taken with black and white

Kodak Tmax 400 ISO pushed to 1600 ISO, ensuring
shutter speeds as high as 1/1000 of a second.

On the basis of focus, angle, and light conditions,

all fluke photographs were judged to be either good,

fair, or of poor quality; only photos in the first two

categories were included in this study. Within these

quality levels, the whales showed at least 50%of each

fluke at a sufficiently vertical angle to allow the shape
of the trailing edge to be distinguished. Calves were

excluded from the analysis owing to their tendency
to show changes in pigmentation patterns during the

first year of life (Carlson et al., 1990). Selected pho-

tographs were compared visually by at least three

persons with experience in matching humpback
whales flukes photographs from both Universidad

Nacional Autonoma de Mexico and Universidad

Autonoma de Baja California Sur.

Abundance estimation

Abundance estimates were obtained by using an

eight-year period for the coastal stock, from 1986 to

1993, and a seven-year period for the Revillagigedo

stock, from 1986 to 1992.

Estimates of population size were obtained by us-

ing mark and recapture models for both closed and

open populations, with each year representing a cap-

ture occasion. The time span of the study was seven

years; consequently, although calves were not in-

cluded in the analysis, it is inevitable that additions
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abundance was also estimated for the

coastal stock by using the model that only

allows relaxation of the requirement for

constant capture probability in time

(Darroch, 1958; model M^ in Otis et al.,

1978). Model M,[, provides the estimator

of population size for a situation where

capture probabilities vary in time and

among individuals. Model Mj provides the

estimate of population size when capture

probabilities are the same among individu-

als but vary in time (Otis et al., 1978).

Outputs from CAPTUREwere used only

as a "screening technique," as suggested by

Menkins and Anderson ( 1988) to investigate

departures from the assumption of equal catchability.

The test for population closure within CAPTUREwas

ignoi-ed because its power is low (Otis et al., 1978).

Open population estimation was done through the

software program RECAP^ This program provides

estimates of parameters under the basic Jolly-Seber

model where all individuals have equal capture prob-

abilities and survivorship, but these were allowed to

vary between sampling occasions. Also, it incorpo-

rates a modification of the Jolly-Seber model (modi-

fied J-S model) that constrains estimates to feasible

values, stabilizing them and providing more reliable

confidence intervals (Buckland, 1980). Open popu-

lation estimates were also obtained by using the soft-

ware program JOLLY described by Pollock et al.

(1990). Of particular interest is the goodness-of-fit

tests performed for this program to investigate how
well our data are explained by the Jolly-Seber model

or any of the variants included in the program. The

results obtained under such variants were also very

useful because they allowed for the estimation of

more precise parameters when either capture prob-

abilities or survivorship ( or both ) were kept constant.

Even in the case when the more general Jolly-Seber

model was chosen (model A), observation of survi-

vorship estimates under model 2 (temporary trap

response model ) were useful to look for the amount
of transit within the areas occupied by each stock.

Results and discussion

Photo identification

A total of 1184 humpback whales were identified in

Mexican waters between 1986 and 1993. Of the to-
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